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SuStainable SoilS: reDucinG, mitiGatinG, anD aDaptinG to 
climate chanGe with orGanic aGriculture
by Meredith Niles*
InTroDucTIon
On April 2, 2007, the U.S. Supreme Court handed down its decision in Massachusetts v. EPA, its first case deal-ing with the issue of global warming.1 Yet, even before 
the ruling, the effects of climate change were already being felt 
and documented throughout the world. In late 2007, the Inter-
governmental Panel on Climate 
Change (“IPCC”) released its 
Fourth Assessment Report, 
which famously noted that 
warming of the global climate 
system is now “unequivocal.”2 
As policymakers throughout 
the world continue to feel the 
impacts of climate change and 
are compelled to action, over-
sight measures aimed at reduc-
ing greenhouse gas (“GHG”) 
emissions and their impacts 
can no longer ignore the effect 
of industrial agriculture on cli-
mate change. Similarly, policymakers should recognize the role 
organic agriculture can play in stabilizing and lessening the 
impacts of climate change, and provide adequate funding for 
transition programs and initiatives utilizing organic production 
methods.
The IPCC’s Fourth Assessment Report, and several subse-
quent reports, including a recent synthesis and assessment report 
by the U.S. Climate Change Science Program (“CCSP”), all 
conclude that climate change is already occurring and will likely 
accelerate in the future.3 New research suggests that our food 
system will be singularly affected by climate change. Agricul-
tural yields in the United States are set to notably decrease for 
crops ranging from corn to rice to sorghum.4 Longer growing 
seasons will increase crop water requirements,5 while rainfall 
events will become more sporadic and the intensity of rainfall 
events is expected to increase, resulting in more significant flood 
conditions.6 Weed growth is projected to blossom as weeds 
respond positively to higher carbon dioxide (“CO2”) levels, and 
glyphosate, the most frequently used herbicide in the United 
States, will lose its efficacy.7 Warmer temperatures will also 
likely increase the insect and pest populations throughout the 
United States, and a recent study has demonstrated that soybeans 
grown at elevated CO2 levels had more than fifty percent more 
insect damage than soybeans grown in normal conditions.8
Such significant damage to our food system would have 
widespread implications throughout the world. As the evidence 
of climate change continues to mount, oversight paradigms like 
regional cap-and-trade programs have focused mostly on the 
industrial and transportation sectors as targets of GHG emis-
sions mitigation. To date, the agricultural sector has been largely 
overlooked as both a source of 
GHG emissions and a potential 
tool for mitigation. Estimates of 
agricultural GHG emissions, as 
a percentage of total emissions, 
range from 13.5% to nearly 33% 
of all global emissions.9 Further-
more, the U.N. Food and Agri-
culture Organization (“FAO”) 
estimates that animal production 
alone accounts for eighteen per-
cent of global GHG emissions.10 
In comparison, transportation 
emissions account for a little 
over thirteen percent of total 
global GHG emissions.11 Clearly, there is a need for a shift in 
climate change policy to address the agricultural sector. 
As policymakers and individuals grapple with ways to 
reduce carbon footprints, it is essential that agriculture be rec-
ognized as a sector that needs to decrease its GHG emissions. 
Such reductions are essential, as they are in other sectors; how-
ever, agriculture has a unique role to play in climate change 
discussions because of its potential to mitigate GHG emissions 
through carbon sequestration, as well as lessen and prevent cli-
mate change impacts on agricultural, land, and water systems. 
This article will discuss recent and mounting evidence which 
suggests that organic agriculture, more than any other produc-
tion system, has the greatest potential for combating climate 
change by reducing overall GHG emissions, sequestering more 
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carbon, and promoting land management that lessens or elimi-
nates the potential climate change impacts on land and agricul-
tural systems.
Reducing GHG emissions in agriculture and adapting to 
climate change will depend on organic production systems for 
three reasons: 
1)  The overall emission reductions possible using organic 
production methods; 
2)  The increased ability of organic production systems to 
sequester carbon; and 
3)  The demonstrated ability of organic production to bet-
ter adapt to potential climate change related events, 
including drought, floods, pest increase, and loss of 
biodiversity. 
reDucInG emIssIons ThrouGh orGanIc 
proDucTIon meThoDs
Agriculture in the United States has changed significantly 
in the past several decades. Farming has shifted largely toward 
the adoption of industrial practices that rely heavily on synthetic 
chemical pesticides and fertilizers, equipment and machinery 
reliant on fossil fuels, and monoculture. Most large farms now 
grow only one crop, typically corn or soybeans. The indus-
trialization of our food system has had a heavy impact on the 
environment and played a major role in increasing global GHG 
emissions—especially with the rapid adoption of synthetic fer-
tilizers and pesticides.12
Each year, the U.S. food system uses nearly 40 billion 
pounds of synthetic fertilizers13 and more than one billion 
pounds of synthetic pesticides.14 The GHG emissions associated 
with the production, packaging, transport, and application of 
these chemicals contribute to climate change and air pollution. 
The production of synthetic fertilizers and pesticides contrib-
utes more than 480 million tons of GHG emissions to the atmo-
sphere each year.15 The U.S. Environmental Protection Agency 
(“EPA”) estimates that, once on our soils, synthetic fertilizers 
generate over 304 million pounds of GHG emissions.16 Frequent 
over-application of synthetic fertilizers results in “run-off” when 
fertilizers are carried off of fields during weather events and irri-
gation.17 Build-up of synthetic fertilizers has caused hypoxia, or 
“dead zones” lacking sufficient oxygen, in water bodies through-
out the world where animals, plants, and plankton are dying in 
vast quantities.18
Shifting to organic production systems will cause an imme-
diate drop in GHG emissions as organic production systems pro-
duce fewer GHG emissions than conventional industrial farming 
systems. FAO concluded that, “[w]ith lower energy inputs, 
organic systems contribute less to GHG emissions and have a 
greater potential to sequester carbon in biomass than conven-
tional systems.”19 Because organic production systems are pro-
hibited from using synthetic fertilizers and pesticides, they often 
rely on less intensive methods for fertilization including animal 
manure, cover crops, and integrated pest management strat-
egies.20 Research performed at the Rodale Institute, in conjunc-
tion with Cornell University, demonstrated that a conventional 
corn production system required significantly more energy per 
hectare than organic systems.21 The reduced reliance on fossil 
fuel energy in the organic system reduced energy inputs about 
thirty percent, mostly because the organic systems relied on 
animal and legume nitrogen nutrients rather than synthetic fer-
tilizers and pesticides.22 In addition, nitrate leaching from fertil-
izers is significantly higher for intensive conventional systems 
as compared to organic systems,23 and organic compost has the 
ability to reduce nitrogen and phosphorus leaching five fold 
when compared to synthetic fertilizers.24 Switching to organic 
production will thus reduce not only initial GHG emissions from 
the production of fertilizers, but will also prevent fertilizers from 
leaching into waterways and exacerbating emissions in hypoxic 
systems. 
Many of the synthetic fertilizers and pesticides used in the 
United States are for feed crops for animal production. It is 
estimated that about half of the grain and oilseeds grown in the 
United States are fed to livestock,25 and conventional grain-fed 
beef requires twice as many energy inputs as grass-fed beef.26 
Animals that are “grass-fed,” or produced using organic methods, 
produce significantly fewer GHG emissions than conventionally 
raised animals. Organic systems typically require fewer syn-
thetic inputs and less energy to operate than conventional indus-
trial facilities.27 In addition, because pastured systems require 
fewer feed crops than confined systems, significant reductions 
in nitrous oxide would result from a shift to grass-fed animal 
production.28 Overall, the global warming potential of organic 
animal production is about one third as much as intensive animal 
farming.29 USDA-certified, grass-fed animals “cannot be fed 
grain or grain byproducts and must have continuous access to 
pasture during the growing season.”30 While some animals (like 
chickens or pigs) do not eat grass and may rely on feed crops, if 
raised organically the animals are fed 100% organic feed grown 
without synthetic pesticides and fertilizers.31 Thus, organic meat 
and dairy products result in significantly fewer GHG emissions 
than conventional meat and dairy.32 
Animal production contributes nearly one fifth of all global 
GHG emissions,33 and in addition to the impact of synthetic 
fertilizers and pesticides used on feed crops, manure manage-
ment, and enteric fermentation are also significant sources of 
GHG emissions.34 In 2007, EPA reported that livestock manure 
management is responsible for over 55 million metric tons of 
GHG emissions,35 mostly in the form of methane and nitrous 
oxide, which are approximately 21 times and 310 times more 
potent as GHGs than CO2, respectively.
36 Improper manure 
storage in large-scale, conventional animal production increase 
GHG emissions because waste is often pooled in large lagoons 
and holding ponds, rather than being directly incorporated into 
soils.37 During manure storage and decomposition, gaseous by-
products including hydrogen sulfide, CO2, ammonia, and meth-
ane are produced and released into the atmosphere.38 Research 
has documented that manure stores on conventional farms emit-
ted about twenty-five percent more methane gas than organic 
farms, demonstrating the significant impact that organic animal 
production can have in reducing GHG emissions.39
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carbon sequesTraTIon In  
orGanIc aGrIculTure
Addressing climate change issues involves not only reduc-
ing GHG emissions, but also incorporating mitigation tech-
niques that can sequester excessive GHG emissions. More than 
any other sector, agriculture is uniquely positioned to sequester 
vast amounts of carbon and thus reduce the impacts of climate 
change. Microbes and other soil organisms play a vital role in 
maintaining the health of agricultural soils as they decompose 
organic matter, cycle nutrients, and convert atmospheric nitro-
gen into organic forms.40 EPA estimates that composting one 
ton of organic materials results in a net storage of nearly 600 
pounds of CO2.
41 While all types 
of agriculture have the ability to 
sequester carbon, organic agricul-
ture can sequester significantly 
more carbon than conventional 
systems, and even conventional 
no-till systems,42 because organic 
agriculture prohibits synthetic fer-
tilizer and pesticide use, incorpo-
rates leguminous cover crops, and 
prioritizes increasing soil organic 
matter.43 Moreover, several stud-
ies have shown that organic soils 
can sequester more carbon than 
conventional soils and that synthetic fertilizer can have a nega-
tive impact on carbon sequestration.44 
In comparisons of field trials of organic and conventional 
farming plots, researchers found that while soil carbon lev-
els were initially the same, after more than two decades the 
organic systems had significantly higher soil carbon levels. The 
organic systems—one using legume cover crops and the other 
using manure—retained more carbon in the soil, “resulting 
in an annual soil carbon increase of 981 and 574 kg per hect-
are . . . , compared with only 293 kg per hectare in the con-
ventional system.”45 Similar long-term research at the United 
States Department of Agriculture (“USDA”) demonstrated that 
organic agriculture increased overall soil health more than con-
ventional no-till methods and resulted in increased yields over 
conventional production.46 In addition, carbon sequestration is 
not exclusive to crop systems and can also provide substantial 
opportunities for farmers in animal production.47
uTIlIzInG orGanIc aGrIculTure To aDapT To 
clImaTe chanGe ImpacTs
Climate change will impact many aspects of our lives, but 
the effects on agriculture may be the most noteworthy. CCSP 
noted:
Ecosystems and their service (land and water resources, 
agriculture, biodiversity) experience a wide range of 
stresses, including pests and pathogens, invasive spe-
cies, air pollution, extreme events and natural distur-
bances such as wildfires and flood. Climate change 
can cause or exacerbate direct stress through high 
temperatures, reduced water availability, and altered 
frequency of extreme events and severe storms.48
One of the greatest challenges of climate change will be find-
ing ways to adapt to its myriad potential impacts. Securing and 
maintaining a food system that can continue to produce, despite 
unexpected weather and climate events, is crucial for the future. 
Organic agriculture, which is more resilient to climate change 
impacts, will be a necessary component to this challenge.
Among the greatest threats of climate change will be the 
impact on biodiversity and the potential global loss of life. Bio-
diversity contributes to ecosystem functioning and maintenance; 
as biodiversity decreases it will be extremely difficult to retrieve 
and recover.49 Endangered and 
extinct species are already doc-
umented throughout the world, 
but climate change is caus-
ing more subtle losses in spe-
cies and diversity.50 Many of 
the species more prevalent in 
organic farming were known 
to have declining diversity and 
numbers as a result of previous 
agriculture intensification.51 
The biodiversity benefits asso-
ciated with organic farms likely 
derive from the management 
practices absent from or rarely utilized in most conventional 
systems.52 Specifically, organic farms have considerably more 
spiders,53 birds,54 butterflies,55 and other species,56 in both num-
ber and species count. Maintaining biodiversity on farms will be 
crucial to sustaining food production and ecosystem functions 
and organic production can certainly perform this task. 
Climate change also has the potential to threaten agricul-
ture through changing water and weather patterns increasing 
both drought and run-off.57 Soil organic matter and soil carbon 
content are important for water absorption and retention and can 
be greatly affected by changes in these elements.58 Increasing 
organic matter in soils leads to a direct increase in the ability of 
soils to retain water59 and will be an important tool for combat-
ing drought and potential flood conditions from increasing snow 
melt and runoff.60 Organic soils have higher levels of soil car-
bon and research has shown that in drought conditions, organic 
systems produced corn yields twenty-eight to thirty-four percent 
higher than conventional systems.61 As weather patterns and pre-
cipitation continue to change, organic agriculture will be better 
able to adapt and continue to produce in uncertain conditions. 
provIDInG The Framework For TransITIonInG  
To clImaTe resIlIenT aGrIculTure
Climate change is real, and its current and foreseeable future 
impacts can no longer be overlooked. As policymakers in the 
United States examine ways to reduce GHG emissions, mitigate 
climate change, and adapt for its effects, it is apparent that our 
food and agriculture system cannot be ignored. Conventional 
agriculture cannot continue on the same path because it causes a 
Organic agriculture, more 
than any other production 
system, has the greatest 
potential for combating 
climate change.
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significant portion of our global and domestic GHG emissions. 
Without a paradigm shift in farming, excessive and unnecessary 
GHG emissions will continue and our food system will become 
ever more susceptible to collapse as a result of climate change.
The policy and legal approaches to addressing climate 
change through agriculture must involve a transition to a more 
organic way of farming. In 2007, the U.S. government allo-
cated more than $3.7 billion in direct subsidies for corn, soy, 
and wheat.62 Less than one percent of corn, soy, and wheat are 
grown organically in the United States, meaning almost all of 
these subsidies were given for industrial or conventional pro-
duction.63 Moreover, as described by Environmental Working 
Group: 
Direct payment subsidies are provided without regard 
to the economic need of the recipients or the financial 
condition of the farm economy. Established in 1996, 
direct payments were originally meant to wean farmers 
off traditional subsidies that are triggered during peri-
ods of low prices for corn, wheat, soybeans, cotton, rice 
and other crops.64 
Yet, prices for these commodities are currently at record 
highs, with the cost of corn per bushel rising nearly sixty percent 
between 2006 and 2007.65 
Such subsidies contribute to significant increases in annual 
GHG emissions and promote increased production and over-ap-
plication of synthetic fertilizers, loss of biodiversity, and simpli-
fication of the soil that leads to reduced soil health, which in turn 
reduces carbon sequestration capacity. Meaningful reductions in 
GHG emissions from agriculture will require broad-based and 
large-scale legislative initiatives that stop rewarding an agri-
culture system that is worsening the global climate change cri-
sis. Billions of dollars of subsidies for conventional production 
could be reallocated to organic transition programs and water 
and land conservation initiatives that will ensure that agriculture 
in the United States will continue to produce and function.
IncreasInG FunDInG For orGanIc cerTIFIcaTIon, 
conservaTIon anD conversIon
The 2008 Farm Bill allocated a total of $22 million for 
the national organic certification cost share program, which is 
designed to help decrease the amount of money farmers pay for 
organic certification.66 While this allocation did increase the 
annual cost-share eligibility from $500 to $750 per operation,67 
it pales in comparison to the vast subsidies received by larger 
conventional industrial farms. The National Organic Program 
received $39 million through 201268 and was authorized up to 
$10 million dollars for organic research.69 To foster the transi-
tion of farmers to organic production systems and reduce GHG 
emissions, future legislation must allocate significantly greater 
funds.
Unique opportunities also lie in providing carbon offsets to 
farmers who transition to organic agriculture. Given the increas-
ing evidence that organic agriculture is better suited to sequester 
carbon, offset programs established within cap-and-trade pro-
grams and public-based carbon offset initiatives should consider 
adding offset components for agriculture. Currently, only a few 
agriculture-based offset programs are in place within cap-and-
trade programs, including a methane digester offset program in 
the Northeast Regional Greenhouse Gas Initiative.70 While con-
verting methane from manure can reduce emissions, research 
estimates that methane digesters could potentially only provide 
about 0.0002% of the energy currently consumed in the United 
States.71 Moreover, the compression of methane gas requires 
significant amounts of energy, which may offset any potential 
emissions reductions.72 Transportation of methane gas may also 
present difficulties, as most large scale farms will be able to pro-
duce more gas than they can use on farm; yet, given the eco-
nomic investment of digesters, only large farms are usually able 
to invest in this technology.73 Creating opportunities for farmers 
transitioning to organic production to receive carbon credits will 
create incentives for organic production and also help decrease 
the costs of transition. 
reDucInG FeeD crops anD TransITIonInG  
To pasTure-baseD orGanIc anImal proDucTIon
With roughly fifty percent of grains grown in the United 
States being fed to livestock, much of corn, soy, and wheat sub-
sidies are diverted to animal production.74 Livestock and animal 
production is an important source of income for billions of people 
throughout the world; yet, our current production methods are 
not sustainable. Transitioning livestock production to pasture-
based organic systems will utilize grasses unsuitable for human 
consumption and, through proper management, increase carbon 
sequestration.75 Reducing crop production for animal feed is 
one of the most efficient methods for mitigating GHG emissions 
from agriculture76 and ensuring sustainable food sources in the 
face of increasing fossil fuel prices. “[N]o other form of agricul-
ture is less dependent on external, finite resources, such as fos-
sil fuels, and/or external, potentially environmentally disruptive 
resources, such as fertilizers or pesticides, than grazing of native 
grasslands.”77 
aDvocaTInG For orGanIc conservaTIon 
measures
Transitioning to organic agriculture is not a process that can 
happen overnight and will certainly require significant invest-
ments of time and money. Yet, in the meantime, many organic 
practices can be incorporated into existing conventional farming 
methods that will help to reduce GHG emissions. For example, 
integrating perennial crops, riparian zones, cover crops, and 
grasslands, and increasing crop diversity on farms have a dem-
onstrated ability to not only reduce the climate change impacts 
of agriculture, but also increase yields and decrease costs associ-
ated with land management and fertilizer.78 
Traditionally, the USDA’s Conservation Reserve Program 
(“CRP”) has assisted farmers and ranchers to comply with fed-
eral, state, and tribal environmental laws, and encourages farmers, 
by providing annual rental payments under multi-year contracts, 
“to convert erodible cropland or other environmentally sensitive 
acreage to vegetative cover” including native grasses, trees, or 
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riparian buffers.79 The CRP has increased carbon sequestration 
and promoted the maintenance of important ecosystem func-
tions that help reduce environmental pollution. Since 1985, the 
program “has protected 170,000 miles of streams and restored 
2 million acres of wetlands and buffer zones.”80 Unfortunately, 
with recent steady increases in ethanol production, land-use has 
begun to change. Subsidies for ethanol production have caused 
land previously held in reserve under the CRP to be taken out of 
conservation for corn production.81 In 2006, USDA Chief Econ-
omist Dr. Keith Collins testified before the Senate Committee on 
Environment & Public Works about ethanol production, noting 
that the CRP, “which has 36 million acres set aside from crop 
production for environmental reasons, may provide a source of 
additional crop acreage. . . . [A] preliminary assessment con-
cluded that 4.3 to 7.2 million acres currently enrolled in the CRP 
could be used to grow corn or soybeans . . . .”82 
Policies that advocate for the removal of CRP land for 
ethanol production will not decrease GHG emissions.83 Instead, 
increased ethanol production is releasing carbon stores in grass-
lands and creating a “carbon debt.”84 If ethanol production 
increases to the congressionally suggested 15-36 billion gallons 
by 2022, nitrogen fluxes into the Gulf of Mexico could increase 
by as much as thirty-four percent.85 Such measures would have 
devastating effects on water quality, aquatic ecosystems, and 
GHG emissions. Policies encouraging ethanol production, spe-
cifically with land-use changes, should be strongly reconsidered 
in this context and re-evaluated for their overall effectiveness at 
reducing GHG emissions. Instead, CRP funding should continue 
and be strengthened to encourage organic conservation methods 
to be incorporated into farms throughout the country. 
conclusIons
Climate change is a critical environmental issue and has 
broad implications for sustainable development and the future 
of our economy, health, and food system. The ability to respond 
to the momentous task of regulating GHG emissions will have 
implications for the overall well-being of our entire country. 
Reducing and sequestering GHG emissions and adapting to 
climate change impacts demand comprehensive approaches 
that fully integrate agriculture, recognizing its contribution 
to climate change and unique ability to sequester GHG emis-
sions and reduce climate change impacts. Organic agriculture 
offers much hope for the future of environmental sustainabil-
ity and food production and should be recognized for the many 
contributions it can make. Providing and increasing funding for 
organic transition, certification, and conservation programs will 
allow the United States and other countries throughout the world 
to reduce and offset GHG emissions. At the same time, organic 
agriculture policy initiatives will ensure environmental protec-
tion in our waterways and promote biodiverse ecosystems in the 
face of looming global reductions in species. Ensuring the future 
of our environment and the vitality of our food systems in the 
shadow of climate change depends on organic production sys-
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